Abstract: This paper investigates the laboratory properties of tire crumb rubber modified (CRM) bitumen mixture. Two types of mixtures containing two binders (pen90 bitumen; CRM bitumen) were used to produce Marshall Sample and determine optimum content. Mechanical performances of bituminous mixtures were evaluated by Chinese wheel rutting test (WRT), 3point beam bending test (3P-BBT) at low temperature, indirect tensile Strength test (ITST) at freezing-thawing cycles. Superpave gyratory compactor (SGC) specimens also were prepared for modulus test. Resilient modulus (E) data were obtained by unconfined uni-axial compression test according to the specification of China. Dynamic modulus (E*) data were obtained by Simple Performance Test (SPT). Two temperatures were used at dynamic modulus test. The results indicate that CRM bituminous mixture performs better than referenced bituminous mixture on viscoelastic behavior, rutting resistance, cracking resistance and moisture stability.
Introduction
In recent years, crumb rubber modification within a wide range of contents and sizes has been done to improve asphalt performance at pavement service temperatures. The ability of crumb rubber to improve the mix properties depends on many factors, including the incorporation technology, nature of the rubber, size of the rubber particles, and the percentage of rubber in the mix and its reaction time with asphalt. Field studies have shown that crumb rubber modification of asphalts can improve the asphalt pavement performance [1, 2, 3, 4] . The use of crumb rubber modifiers with asphalt binders seems to enhance the fatigue resistance, as illustrated in a number of studies [5, 6, 7, 8] . The improved performance of asphalt rubber pavements compared with conventional asphalt pavements has partly resulted from improved rheological properties of the asphalt-rubber binder. However, optimum crumb rubber content still needs to be determined for different crumb rubber contents. Moreover, the viscoelastic properties of CRM asphalt mixture also are investigated by SPT.
Design of Mixture
Marshall Method still is used for mix design of the crumb rubber modified (CRM) asphalt mixture. For this method, mix design includes materials selection, gradations selection, optimum asphalt contents, and verification of performance.
Properties of original materials
The base binder pen 90 # is used to modify asphalt with tire scrap crumb rubber. The mixing processing over 45 min at 180℃ is adopted in the laboratory. According to the construction technical specification for asphalt pavement of highway (JTG F40-2004) The addition of tire crumb rubber improves the properties of virgin bitumen. The limestone coarse aggregate is adopted, and must be clean, hard, the lower F&E and the manufactured fine aggregate is adopted, and must be clean, higher S.E; the low silica stone is made for the filler to be fine enough, clean and the lower plastic index.
Gradation Design
The different grades are used for the CRM asphalt mixture and the usual asphalt mixture in this study, and the nominal maximum aggregate size (NMAS) is 13.2mm. Considering rubber grains distributed in CRM binder, the two mixtures are different from the passing percent of 4.75mm sieve size. The one of CRM-AC-13 is 30%, and the one of AC-13 is 45%. The rubber grain can be a fine aggregate in the CRM mixture. The passing percentages of sieves in the two mixtures are shown the following The gap grade based on the skeleton compact theory with multi-filling state is adopted to improve the rutting resistance in this study. Thus the rutting resistance, the thermo-cracking resistance and the water resistance must be considered for mix design in Beijing.
Selection of optimum bitumen content
Based on predicting asphalt content, the distance of 0.5% is adopted, and five contents are selected for Marshall Specimens with 75 hammers dual sides. Based on the volumetric method, the void content is a main parameter for determining asphalt content. Generally, the objective void air content is considered as 4%, and the void mineral aggregate (VMA) is more than 15% for the NMAS 13.2mm mixture. In theory, the crumb rubber is beneficial to extend pavement life, however this make the construction of HMA difficult. Thus CRM asphalt mixture need the higher mixing
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Advances in Intelligent Transportation System and Technology temperature for good workability. The characteristics of two mixtures, including rutting resistance, cracking resistance, moisture stability, static modulus, and dynamic modulus, were investigated in this study.
Properties of CRM Mixture
The performances of CRM asphalt mixture also include the rutting resistance at high temperature condition, the cracking resistance at low temperature condition, moisture sensitivity at humid regions, and mechanical strength. The Marshall Stability (MS) and the Flow Value (FV) have no obvious differences for two mixes.
Cracking resistance at the low temperature The 3 point beam bending test is used to evaluating the cracking resistance of bituminous mixture in China. The maximum bending strain of two mixtures is respectively 2200µε and 3568µε over the 2000µε standard value. The crumb rubber modifier effectively improves the low temperature property of bituminous mixture.
Moisture sensitivity
The residue stability (RS) of Marshall Test and the tensile strength ratio (TSR) of indirect tensile strength test (ITST) are used to evaluating the moisture resistance for bituminous mixture in China. The above test results show that adding of crumb rubber is beneficial to the moisture resistance.
Resilient modulus
Static resilient modulus of road material is the most important input parameter in designing asphalt pavement structure in China, based on multi-layer elastic system theory. The resilient modulus was measured and its elastic mechanical characteristic was investigated. Resilient modulus test uses the diameter φ100 mm and height 100 mm samples, and these samples are made by gyratory compactor. Axial compression load is applied on unconfined specimen by sequence at 20℃ condition. Six recycles of loading and unloading are applied on specimens after the first stage of steady compressing, and the peak value of every recycle of loading and unloading is 0.1-0.6 times as the strength. After stress and strain are determined, the resilient modulus may be calculated. Obviously, the resilient moduli and the axial strengths of three CRM mixtures are higher than reference mixture. This result demonstrates that the tire scrap crumb rubber is very beneficial to improve stiffness of asphalt mixture. In unconfined compression load, the more mastic fluidized structure is weaker than the more aggregate skeleton structure.
Dynamic modulus
Dynamic moduli of pavement material can perform the real behavior under the traffic load. The dynamic moduli of CRM-AC and AC are tested in this study. Dynamic moduli at the two testing temperature are determined by AMPT. The complex modulus and phase angle are obtained.
The following tables show the parameters achieved by for CRM-AC and usual AC. Dynamic moduli of CRM-AC are higher than the one of AC at the same temperature. As the data at 40℃ shows, E* of CRM mixture is 3154Mpa and E* of AC mixture is 2127Mpa under 25Hz frequency; E of CRM mixture is 1146 MPa and E of usual mixture is 480Mpa under 0.1Hz frequency. For the further study on the rutting resistance and the fatigue resistance of CRM asphalt mixture, the rutting factor (E*/sinδ) and the fatigue factor (E*·cosδ) are achieved by SHRP calculation method based on dynamic modulus and phase angle. At 21.1℃, the rutting factor has no obvious distinguish between CRM-AC and AC, but the fatigue factor of CRM-AC is evidently higher than AC. It indicates that at usual temperature condition, the rutting resistance of CRM-AC is close to AC, but the fatigue resistance of f CRM-AC is superior to AC.
Advances in Intelligent Transportation System and Technology
The crumb rubber is very beneficial to improve the fatigue resistance of asphalt mixture with usual temperature state. However, the rutting factor of CRM asphalt mixture is obviously higher than AC at 40℃.
Conclusions
After finished the blending design of CRM mixture, the rutting resistance, cracking resistance, moisture sensitivity, resilient modulus and dynamic modulus of tire crumb modified asphalt mixture are systematically investigated in this paper, and the following conclusions can be drawn: 1) Bituminous mixtures with tire crumb rubber have the better performance of pavement, including rutting resistance, cracking resistance, and moisture sensitivity. 2) However, the gradation of rubber particles needs to be considered in blending design of CRM mixture. And the properties vary with the different crumb rubber content. 3) Moduli test results also indicate that the addition of crumb rubber to asphalt binder generally increased the binder viscosity and improved the resistance of rutting at the higher temperature and the fatigue resistance at the ordinary temperature.
